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A large body of studies exists that examines the relationship between student
achievement gains and the characteristics of teachers. To help policymakers
and researchers use and build on this body of studies, this article reviews the
studies systematically and synthesizes their results with deliberate considera-
tion of each study's qualities. Determinate relationships are describedforfour
categories of teacher characteristics: college ratings, test scores, degrees and
coursework, and certification status. The review details the implications of
these relationships in light of study limitations and proposes directions for
future research.
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For policymakers and researchers looking for ways to improve K-12 education,
one enduring approach has been to focus on teachers. Teachers are the system's
principal resource. Their salaries occupy the largest share of K-12 education bud-
gets. And both intuition and empirical research tell us that the achievement of
schoolchildren depends substantially on the teachers they are assigned.' Recently,
issues related to teacher supply have captured national attention as a result of con-
cerns about the aging of the teaching force and the need for new teachers. A variety
of researchers, policymakers, and national organizations have been scrutinizing the
issue since the landmark report published by the National Commission for Teach-
ing and America's Future (1996). More recently, a National Research Council panel
investigated teacher quality and assessment (Mitchell et al., 2001), and U.S. Secre-
tary of Education Rod Paige issued a high-profile report on teacher quality (U.S.
Department of Education, 2002).

Seeking results that might inform policymakers' thinking, researchers have
undertaken studies and written syntheses that focus on different aspects of teacher
policy. Some focus purely on teacher quantity, asking, for instance, how many teach-
ers will be needed and how many leave the profession each year (e.g., Hussar, 1999).
The present review targets teacher quality. A large body of studies exists that
examines the characteristics of effective teachers. In their attempts to draw on this
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body of studies, researchers and analysts have arrived at markedly different inter-
pretations, perhaps because of the difficulty of systematic review.2 The present effort
attempts to use more systematic methods to make the results of this research on
teacher characteristics available to policymakers and researchers.

Findings about the relationship between teacher characteristics and student
achievement gains are very applicable to discussions of teacher policy. States gen-
erally specify requirements for teachers in terms of degrees, coursework, and test
scores.3 Another way that knowledge about the relationship between teacher char-
acteristics and student achievement gains figures into policy discussions is in the
identification of trends in teacher quality or in the identification of problems to be
solved. Low-income students may have fewer teachers with certain characteristics,
for instance (see, e.g., Ingersoll, 1996; Wayne, 2002). The knowledge contained in
the present body of student achievement studies is therefore especially important.

It is important to note that, as reflected in state policy, conceptions of effective
teaching in the United States have changed significantly over time. For most of the
20th century, candidates were eligible for certification as long they completed a
state-approved teacher preparation program. States influenced the nature of teacher
preparation by prescribing coursework in subject matter and/or education and by
establishing student teaching requirements. But state policies rarely promoted spe-
cific approaches to instructional practice. This changed in the 1 980s as several states
implemented performance assessments for use with beginning teachers. Many of
these assessments were based on process-product research on teaching and focused
on a uniform set of teaching behaviors regardless of the content area or grade level
taught.

Over the past 10 years, many states have adopted standards from the Interstate
New Teacher Assessment and Support Consortium and the National Council for
Accreditation of Teacher Education for use in making decisions about licensure and
accreditation. These standards reflect conceptions of teaching that differ signifi-
cantly from those previously embedded in state policies. In particular, these con-
ceptions emphasize the context-specific nature of teaching and the need for teachers
to integrate knowledge of subject matter, students, and context in making instructional
decisions, engaging students in active learning, and reflecting on practice (Youngs,
Odden, & Porter, in press).

To organize this review, we first describe our review methods, which include our
criteria for including studies in the review, the interpretation of individual studies,
and our approach to synthesizing the results obtained from the various studies. The
next section then uses these methods to review the research on whether teachers
with certain characteristics have a greater impact on their students' standardized test
scores than teachers without these characteristics. It discusses findings and impli-
cations for four categories of teacher characteristics: ratings of teachers' colleges,
teachers' test scores, teachers' degrees and coursework, and teachers' certification
status. The concluding section discusses general implications for policymakers and
researchers.

Methods
Our objective in this review was to create a clear interpretation of the research for

policymakers and researchers interested in the relationship between teacher charac-
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teristics and student achievement gains. That objective informed our methods in sev-
eral ways. This section discusses the following features of our methods: the scope of
the review, the interpretation of individual studies, and the synthesis of results.

Scope of the Review

Studies meeting the criteria for inclusion numbered only 21 at the time of this
review. Our search began with an examination of electronic databases and existing
reviews. We used the following meta-analyses and reviews: Darling-Hammond
(1999a); Greenwald, Hedges, and Laine (1996); Hanushek (1997); and Wilson,
Floden, and Ferrini-Mundy (2001). In addition, three electronic databases were
searched for the years 1975-2002: (a) the ERIC database, which indexes journals and
technical resources from Resources in Education and Current Index to Journals in
Education; (b) PsychLit, which houses the American Psychological Association's
Psychological Abstracts; and (c) EconLit, which corresponds to the American Eco-
nomic Association's Journal of Economic Literature and the Index ofEconomicArti-
cles. These databases were searched using the following termns: (a) teach* assess*,
(b) teach* certificat*, (c) teach* characteristics, (d) teach* licens*, (e) teach* qual*,
and (f) teach* test*.

Although we included most material that appears in print, which includes some
books and other materials that were not peer reviewed, for practical reasons we
excluded conference papers and dissertations. 4 Having identified the universe of
studies typically treated in reviews of student achievement studies, we then applied
a set of study design criteria. The remainder of this section describes those four
criteria.

First, it should already be clear that this review focuses on studies that observe
teachers' characteristics as well as the standardized test scores of these teachers' stu-
dents. It is also important to consider the relationships between teacher characteris-
tics and other student outcomes such as graduation rates, attendance at postsecondary
institutions, and the acquisition of knowledge and skills not easily measured by stan-
dardized tests. In the 1990s, for example, Kentucky, Maryland, Vermont, and other
states developed innovative assessment systems that measured student achievement
in relation to performance standards and featured assessment methods other than
multiple-choice questions. At the time of this review, however, there were no studies
that both (a) included such student outcomes and (b) met the remaining criteria for
inclusion in the review.

Second, the review limits its scope to the achievement of students in the United
States, since the review aims to inforn researchers and policymakers in the United
States. We are aware of only one study excluded by this criterion (Hanushek, Gomes-
Neto, & Harbison, 1996).

The two remaining criteria are intended to keep the focus on findings that are com-
pelling as opposed to being merely suggestive. These two criteria are (a) that the
study design accounts for prior achievement, which excludes numerous studies, and
(b) that the design accounts for students' socioeconomic status. The latter criterion
excludes only a few of the remaining studies. 5

Accounting for both prior achievement and socioeconomic status makes a study's
findings more compelling because the question "Do students leam more from teach-
ers with this characteristic?" pertains to a causal relationship. There are many studies
that examine end-of-year student test scores and teacher qualifications. But in order
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to attribute any observed student achievement differences to teacher characteristics,
one must rule out alternative explanations. Randomized assignment to treatment and
control groups can rule out alternative explanations, but such designs have rarely
been used in research on teacher characteristics. The designs that have been used and
have proven sufficiently convincing are nonrandomized (quasi-)experimental designs.
To reject alternative explanations absent randomization, these designs employ a the-
ory of the determninants of student achievement. Refinement efforts persist (see, e.g.,
Grissmer & Flanagan, 2000; Ludwig & Bassi, 1999; Rowan, 2002; Turner, 2000),
but researchers generally agree that (a) prior achievement test scores and (b) student
background characteristics are required in order to minimally reduce the potential for
alternative explanations of student achievement differences (see generally Ehrenberg
et al., 2001; Ferguson, 1996; Rowan, 2002). Such student achievement models are
called "value-added" because they assume that teachers add to students' progress
during the period between pretest and posttest.

Although this approach to establishing the existence of a causal relationship
clearly calls for longitudinal data, a few studies successfully exploit cross-sectional
data by subtracting the achievement of a group of students from one grade level from
that of a group of students in the same school at the same time but at a higher grade
level. These studies are regarded as convincing here and are therefore included,
although studies that use longitudinal data clearly face fewer threats to validity.

In summnary, the four criteria for inclusion in this review are as follows:

1. The data collected address teachers' characteristics as well as the standardized
test scores of the teachers' students.

2. The data were collected in the United States.
3. The design accounts for prior achievement.
4. The design accounts for students' socioeconomic status.

Interpretation of Individual Studies

Another aspect of our review methods that helps us create a clear understanding
of the findings from this body of research involves our interpretation of findings from
individual studies. This section identifies several technical considerations associated
with the interpretation of individual studies and explains how these considerations
affected our translation of study results.

As noted above, the studies included in this review all use a theory of the deter-
minants of student achievement. That theory takes the form of a student achievement
equation. The data collection feeds that equation: Data must include student back-
ground characteristics and pretest scores, in addition to posttest scores and teacher
quality information. Usually, the data include additional school- or program-level
factors that could plausibly affect student achievement (e.g., class size).

The student achievement equation always proves at least partly correct. That is,
its variables jointly explain some proportion of the variation in student achievement.
Statistical methods then enable us to isolate the contributions of individual variables,
using the student achievement model to rule out the observable influences known to
be at work.

The statistical test to determine whether a particular teacher qualification con-
tributes to student achievement poses the research question in the negative (the null
hypothesis): Could the observed student achievement patterns have occurred even if
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the teacher qualification being studied had not influenced student achievement? A
"no" answer (rejecting the null hypothesis) translates as a positive relationship. It
means that students learned more from teachers with that particular qualification,
after controlling for the other variables.

But it is important to realize that a "yes" answer (failing to reject the null hy-
pothesis) does not rule out a relationship. Perhaps the study's sample size was too
small-or the measurement error too great-to provide statistical confirmation. These
problems prevent rejection of the possibility that differences occurred randomly, even
when the qualification being studied does influence student achievement.

Another reason statistical methods might not detect an existing relationship is that
the teacher quality variable might strongly correlate with the model's variables for
student characteristics, which also influence student achievement (see, e.g., Dewey,
Husted, & Kenny, 2000). This phenomenon, termed multicollinearity, makes it more
difficult for statistical methods to discern relationships.

For these reasons, when translating results from individual studies, we assume
that studies may establish that an observed teacher quality indicator matters but can-
not convincingly show that an observed teacher quality indicator does not matter.
One could show that an indicator was unimportant by using large samples, keeping
measurement error low, and establishing that multicollinearity was not a problem.
But no such examples appear in the literature.

When statistical methods seem to establish that a particular quality indicator influ-
ences student achievement, readers still must draw conclusions cautiously. Theory
generates altemative explanations that statistical methods must reject, so a positive
finding is only as strong as the theory undergirding the analysis. If the theory is
incomplete-or data on the plausible determinants of student achievement are
incomplete-the untheorized or unavailable determinants of student achievement
could potentially correlate with the teacher quality variable (i.e., correlation between
the error term and the teacher quality variable). Thus, student achievement differ-
ences that appear connected to teacher qualifications might in truth originate in omit-
ted variables. Bias due to omitted variables can influence effect size estimates both
positively and negatively (see Ludwig & Bassi, 1999), so reported estimates of effect
size are usually regarded as biased.

Of particular importance for the interpretation of positive findings are omitted
teacher quality variables. Suppose a data set contains only one teacher quality vari-
able: whether the teacher has a master's degree. Statistical methods may show that
the master's degree matters, but another plausible explanation for that finding exists.
It is likely that teachers with a master's degree have more teaching experience. Thus,
what appears attributable to a master's degree may instead be attributable to experi-
ence. Studies that assess multiple teacher characteristics simultaneously are there-
fore more readily interpreted.

A related concem is lagged effects. Value-added models usually assume that a
student's prior test score captures the effects of all previous educational experiences.
However, it is likely that the effects of educational experiences may not manifest
themselves immediately. To the extent that the sources of lagged effects are in any
way connected to the likelihood that students will have certain teachers, estimates
of the effect of having teachers with particular characteristics may be biased.

One last concern in interpreting positive findings is termed aggregation bias. In
his earlier review of student achievement studies, Hanushek (1997) showed that
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studies that aggregate data into larger units of analysis (e.g., school- or district-level
averages rather than individual student data) are more likely to show positive effects.
Thus, positive findings that emerge from studies that use higher levels of aggrega-
tion may result from aggregation bias. This review gives less weight to studies with
higher levels of aggregation and excludes studies that aggregate to the state level.
The only study excluded by this criterion had no determinate results regarding the
influence of teacher characteristics.6

In summary, while quasi-experimental studies of student achievement deserve
attention, interpretations must be guarded. First, researchers have not used these
methods to prove that any particular teacher characteristic does not matter. Accord-
ingly, we treat indeterminate findings as just that-indeterminate. Second, when
studies do find relationships, we weight studies according to design features used to
guard against spurious findings. Finally, it is clear that reported effect sizes are
unlikely to be unbiased, and we cannot predict whether actual effects are larger or
smaller. Accordingly, this review does not attempt to discuss observed effect sizes.

Synthesis of Results

Faced with hundreds of student achievement studies, researchers have employed
two basic approaches to the synthesis of results. One approach draws conclusions by
tallying the studies' results; thus, for each school input of interest (e.g., class size), the
reviewer computes the numbers of positive, negative, and insignificant results that
have appeared in the literature. The second approach to synthesis is formal meta-
analysis, which attempts to pool the statistical power of many small studies that focus
on the same school input.

Arguably, however, neither of these two approaches fits the present task,
which involves a relatively small number of studies. The strength of the standard
approaches is that they enable researchers to quickly summarize results from
large numbers of studies (hundreds) and for multiple types of school inputs (not
only teacher characteristics).

The approach used here avoids two pitfalls shared by the standard approaches.
First, synthesis requires some judgments about the strengths and weaknesses of indi-
vidual studies. The subsection above explained that determinate findings are some-
times not reliable; the more trustworthy findings are those arising from studies that
analyze individual students and their teachers and include a thorough set of controls
for other potential determinants of student achievement. Thus, some studies deserve
more weight than others and may even refute the findings of others.

An additional limitation of the standard approaches is that they necessarily abstract
details that are important to users of the findings. For example, reviews commonly
lump together all studies that involve a teacher test score. But policymakers face deci-
sions about what to test (e.g., basic academic skills, subject matter knowledge) and
who should be tested (e.g., only secondary teachers or all teachers).

For these reasons, the present review employs an alternative approach to synthe-
sis. It begins by considering groups of studies that focus on a particular teacher char-
acteristic. It then explicitly describes each study, focusing on the features that affect
the inferences that can be drawn. Finally, with due consideration of those quality fea-
tures, it renders a joint interpretation.

For those accustomed to the standard approaches, this method may seem less sci-
entific. But it is arguably better suited to the treatment of smaller numbers of studies
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and for clearly communicating results to policymakers and the research community.
Moreover, it maintains a solidly scientific character. The following three features of
scientific inquiry identified by King, Keohane, and Verba (1994, pp. 8-9) are all pre-
sent: The approach makes clear what the evidence is; it explicitly treats uncertainty;
and it can be replicated by other researchers.

A final note is necessary here to discuss a commonly recognized source of bias
to which both the present approach and the standard approaches are susceptible. The
typical standard in social science research is that a relationship is considered deter-
minate only if there is less than a 1-in-20 chance that it occurred randomly. Thus,
if there are 20 studies, and all are indeterminate except for one, a reviewer cannot
claim to have found a relationship. Moreover, because large and statistically sig-
nificant effects are considered most interesting by publication outlets, it is likely that
the universe of published studies is not representative of all analyses that have been
undertaken. Determinate findings with large effect sizes are more likely to reach the
literature than indeterminate findings. Termed "publication bias," this phenomenon
affects both effect size estimates and judgments about whether results are statisti-
cally significant. This review does not address effect size, but its conclusions about
the relationships that exist are subject to publication bias.

Findings
This section presents the findings from our review. For each teacher characteristic

for which evidence exists, we (a) describe all relevant studies and findings, (b) ren-
derjoint interpretations, and (c) consider implications for policy and future research.

The subsections to follow correspond to five categories of teacher characteris-
tics: teachers' college ratings, test scores, course taking and degrees, certification
status, and all other characteristics. Conclusive evidence is available only for the
first four. The fifth category acknowledges other characteristics for which existing
evidence is not conclusive.

In describing relevant studies and findings, we present results at a level of detail
intended to balance content with readability. Relatively more detail is provided for
the studies that yielded determinate findings. For easy access to key technical infor-
mation for each study, the Appendix provides a table with the following informa-
tion for all 21 studies: (a) a description of the student achievement data and sample;
(b) exact specifications of teacher quality variables; (c) a list of controls, including
socioeconomic status; and (d) a list of other important study features.

Ratings of Teachers' Undergraduate Institutions

Relevant Studies and Findings
Only three research efforts have sought to determine whether students learn more

from teachers who graduated from better-rated undergraduate institutions. The first,
Summers and Wolfe (1975 a, 1977), was a set of studies undertaken in Philadelphia
during the 1970-1971 school year, using samples of students in the 6th, 8th, and
12th grades during that year. School records included scores for the 1970-1971 year
and some earlier years, so the authors were able to observe each student's gains over
time. The three analyses examined gains from 3rd to 6th grade, 6th to 8th grade, and
9th to 12th grade.

Whereas most studies to date had treated school inputs as school-level averages,
Summers and Wolfe used data specific to each student. School records contained
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information on students' current and previous teachers, including teachers' scores
on the National Teacher's Examination, teachers' years of experience, and the
Gourman rating of each teacher's undergraduate institution. According to Summers
and Wolfe, the Gourman report utilized information from the institution's and other
sources on each institution's facilities, departments, administration, faculty, services
for students, alumni support, and other general areas.

The analyses of 6th graders used 627 students' Iowa Test of Basic Skills (ITBS)
composite scores. The authors found that Gourman ratings associated with 6th-grade
teachers were important. The authors also tried aggregating the Gourman ratings and
all other school inputs into school-level averages and found no relationships-a some-
what counterintuitive result given the typical direction of aggregation bias.

The analyses of 8th-grade students also examined composite ITBS score gains
and used information on students' English, math, and social studies teachers. Using
a sample of 553 students, the authors found that the only determinate relationship
between student achievement and Gourman ratings was a positive relationship asso-
ciated with 8th-grade social studies teachers.

The analysis of 12th-grade students used 716 students' scores from the Califor-
nia Aptitude Test and the Comprehensive Test of Basic Skills. Focusing on reading
score gains, the authors used teacher quality data on the students' English teachers
only. Unlike the results for the 6th and 8th grades, no determinate relationships were
found among the 12th-grade students.

Mumane and Phillips (1981) conducted the second of the three studies involv-
ing college ratings. A welfare reform experiment in Gary, Indiana, in the early 1970s
provided achievement data on several hundred Black elementary school students,
mostly from low-income families. When the authors linked the students to their
individual teachers and controlled for several other teacher characteristics, they
could not discern any relationship between students' ITBS vocabulary score gains
and teachers' college ratings. The study provided no information about the college
rating system used.

The only other study of whether students learn more from teachers from better-
rated undergraduate institutions was conducted by Ehrenberg and Brewer (1994).
The authors used the High School and Beyond (HS&B) data set, which tested a sam-
ple of I 0th graders in 1980 and then retested them as 12th graders in 1982. The mea-
sure of student achievement was a composite score combining mathematics,
reading, and vocabulary skills.

The original HS&B data collection did not contain teacher data, but a follow-up
survey of 25 teachers at each of about 320 public schools allowed Ehrenberg and
Brewer to examine whether individual students learned more when their schools'
average teacher quality was higher. Teacher quality variables included the percent-
ages of teachers with master's degrees and with 10 or more years of experience. For
each school, the authors also calculated the average rating of teachers' undergrad-
uate institutions using Barron's six-category selectivity rating system. This rating
system reportedly examines the entering class's entrance examination scores and
high school records, in addition to the percentage of applicants admitted.

The authors performed their analyses separately on students in different race/
ethnicity categories. They found that with White students and Black students,
teachers from better-rated undergraduate institutions were more effective. Findings
were indeterminate for Hispanic students.
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Joint Interpretation
Although implications may differ by rating system, as discussed below, the proper

joint interpretation of the three studies is that some relationship exists between col-
lege ratings and student achievement gains, as noted earlier. Researchers were not
always able to discern a relationship, but those relationships that were found were
positive. Furthermore, the two studies showing positive relationships had different
strengths. As is detailed in the Appendix, the controls used by Ehrenberg and Brewer
for students' socioeconomic status were student-level controls and were extensive
(parents' education, family income, family structure, and family size). Ehrenberg and
Brewer also adjusted their analysis to correct for students' dropout behaviors and
attempted to address bias due to omitted variables using a technique called instru-
mental variables.

By contrast, the strengths of Summers and Wolfe's study were that all analysis
was done at the student level and that the authors controlled for a large number of
schooling factors, including student attendance, peer group measures, school struc-
ture and disciplinary atmosphere, and other inputs. Also, in their analyses of gains
from 6th to 8th grade and 9th to 12th grade, Summers and Wolfe controlled for a
third test score, from an even earlier school year, to provide additional assurance.

Implications
Although the findings encourage researchers to further examine characteristics

associated with teachers' undergraduate institutions, the implications for policy-
makers differ depending on which rating system is involved. In the case of Barron's
selectivity ratings, the finding suggests that policymakers should encourage better
screening of prospective teachers. The traditional screening tool for state policy-
makers has been licensure tests, not college selectivity ratings. The next section dis-
cusses licensure tests more fully.

In the case of the Gourman report ratings, the ratings apparently intended to cap-
ture institutional quality, broadly defined. Insofar as institutional quality may be at
play, policymakers may wish to require that teachers hold degrees from institutions
with particular quality characteristics. Third-party accreditation is the typical pol-
icy instrument by which institutional quality is assured. Researchers seeking to
inform policy might therefore examine the relative effectiveness of teachers from
institutions with different accreditation statuses.

Test Scores7

Relevant Studies and Findings
Seven sophisticated studies of student achievement have assessed the importance

of teachers' scores on tests of verbal skills and other tests. For organizational pur-
poses, this subsection describes them in three groups: (a) studies involving teacher
licensure examination scores, (b) subsequent student achievement studies involv-
ing tests of teachers' verbal skills, and (c) more recent studies involving other test
score measures.

Teacher licensure examination scores. Two student achievement studies have
examined whether students learn more from teachers who performed better on
teacher licensure examinations. The two studies employed scores from the National

97



Wayne and Youngs

Teachers Examination (NTE) and from the Texas Examination of Current Admin-
istrators and Teachers (TECAT).

The use of teacher tests in making licensure decisions was rare until the 1980s.
During that decade, the number of states employing tests of verbal skills, content
knowledge, and/or professional knowledge for licensure dramatically increased, to
more than 40. As of 2002,41 states used tests in one or more of these areas to make
decisions about admission to teacher education programs or initial licensure.

The NTE was developed by the Educational Testing Service (ETS) in the 1940s,
and by the 1970s it was being used by some states in making licensure decisions
(see Haney, Madaus, & Kreitzer, 1987). As teacher testing increased in the 1980s,
it became the most widely used licensing examination. Specialized teachers took
the NTE Area Examination, covering both content and teaching methods specific
to one of about 30 specialties. Other teachers took the NTE Common Examinations,
which included the following four component tests: (a) general principles of peda-
gogy and psychological and social foundations of education; (b) written English
expression; (c) social studies, literature, and fine arts; and (d) science and mathe-
matics. The NTE remained the most prevalent licensing exam until ETS replaced it
with Praxis in the 1990s.8

The one qualifying student achievement study that involved teachers' NTE
scores was conducted by Summers and Wolfe (1975a, 1977) using students in
Philadelphia schools in 1971, as described above.9 Among the 627 sixth graders in
their elementary school sample, students learned less when their teachers scored
higher on the NTE Common Examinations. The junior high and senior high school
samples employed teachers' NTE Area Examination scores and yielded indetermi-
nate results.'°

The only other study to employ scores from an actual licensure examination used
the TECAT, a test that evaluated reading and writing skills, integrating content
related to professional knowledge. Ferguson (1991, 1998) took advantage of TECAT
scores available for Texas teachers tested in statewide teacher testing in 1986 (see
Kain & Singleton, 1996). He focused his analysis on reading scores, which measured
teachers' reading skills and professional knowledge."I

Ferguson computed mean teacher TECAT scores for each Texas school district
from which data could be obtained.12 Data on students were also aggregated to the
district level. Students' reading and math scores came from the 1986 Texas Edu-
cational Assessment of Minimum Skills (TEAMS) exams, which were multiple-
choice tests administered to students in the Ist, 3rd, 5th, 7th, 9th, and 11th grades.

Analyzing data from almost 900 school districts, Ferguson computed the differ-
ence for each district between the mean achievement scores of 1 st, 3rd, 5th, and
7th graders in 1986 and the mean scores of 5th, 7th, 9th, and 11th graders in 1990-
the same cohorts of students assuming that student migration is negligible. He found
that districts where teachers had higher TECAT scores were more likely to have
higher gains in student test scores in reading, especially between 3rd and 7th grades.
Ferguson later reinforced these findings (see Ferguson, 1998) by showing that the
gains of each district's elementary students differed from the gains of its secondary
students, depending on the TECAT score differences between the district's elemen-
tary teachers and its secondary teachers.

Verbal skills. Three subsequent student achievement studies employed tests of
teachers' verbal skills and used relatively old data. One reanalyzed the data from the
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Equality of Educational Opportunity study (Coleman et al., 1966), a very large cross-
sectional study conducted in the mid-1960s. In their reanalysis, Ehrenberg and
Brewer(1995) constructed synthetic gain scores by subtracting schools' lower-grade-
level achievement averages from their higher-grade-level achievement averages.
Specifically, the authors subtracted the average achievement scores of 3rd-grade stu-
dents in 969 elementary schools from those of 6th-grade students in the same schools
and subtracted the average achievement scores of 9th-grade students in 256 sec-
ondary schools from those of 12th-grade students in the same schools.

After teachers' experience and graduate education had been controlled, teachers'
scores on a short verbal facility test explained some school-to-school variation in the
gain scores. Furthermore, the authors' attempt to use the technique of instrumental
variables to address bias due to omitted variables did not change the findings.

The remaining two studies involving teachers' verbal skills both analyzed data
from the Gary Income Maintenance Experiment, a welfare reform experiment con-
ducted in Gary, Indiana, in the early 1970s that, as mentioned earlier, provided
achievement data on several hundred Black elementary school students. The data set
included a variety of data on students' teachers, including scores on a test labeled
"Quick Word Test."

In their analysis, Mumane and Phillips (1981) focused on students' ITBS vocab-
ulary scores. Controlling for several other teacher characteristics, including race, sex,
experience, possession of a master's degree, and the rating of the teachers' under-
graduate institution, they found no relationship between the teachers' word test scores
and student achievement gains. However, when they disaggregated the students by
grade level, they found that the 6th-grade students learned less when their teachers
had higher scores on the word test. They rejected this finding as spurious "because a
large number of teachers used aids in completing the test" (pp. 97-98).

Hanushek (1992) examined the same data, but his dependent variables were
changes in achievement on both the ITBS reading and the ITBS vocabulary tests.
He examined changes among 2nd- through 6th-grade students across a single grade
level (e.g., achievement growth from the end of 2nd through the end of 3rd grade).
Hanushek reported that teachers' performance on the word tests affected their stu-
dents' reading score gains but not their vocabulary score gains. Unlike Murnane
and Phillips, Hanushek did not control for ratings of the teachers' undergraduate
institutions.

Recentstudies. Two additional studies appeared recently. The first study took advan-
tage of teachers' responses to a single multiple-choice mathematics test item. Rowan,
Chiang, and Miller (1997) analyzed nationally representative achievement data
from the National Educational Longitudinal Study of 1988 (NELS:88). Individual
students were tested in mathematics in the spring of Grades 8 and 10, and the survey
given to their 10th-grade teachers included a single, high school-level mathematics
test item. The researchers found that students whose teachers answered the item cor-
rectly posted larger mathematics gains between 8th and 10th grades, even after con-
trolling for whether teachers held mathematics-related degrees.' 3 This study carries
much less weight, however, than it would have if teachers had completed more test
items or an entire mathematics test.

A second recent study capitalized on Alabama personnel records, some of which
contained teachers' ACT college entrance examination test scores. Ferguson and
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Ladd (1996) used composite ACT scores. These scores combined English, mathe-
matics, social studies reading, and natural sciences reading components (American
College Testing, 1989). Their initial analysis showed that student reading score gains
from 3rd grade to 4th grade were positively related to the average teacher ACT score
at the students' schools. The relationship was unclear for mathematics score gains.

Ferguson and Ladd also analyzed district-level averages from 127 Alabama
school districts. The authors created artificial gain scores using achievement data
from 3rd and 4th graders, and 8th and 9th graders, for the 1990-1991 school year.
The average differences in each district between the mathematics scores of younger
students and older students were positively related to the average teacher ACT score
in the district. Both the school-level analysis and the district-level analysis con-
trolled for teacher experience and whether teachers had master's degrees.

Joint Interpretation
Examined jointly, the seven studies involving teacher test scores yielded some-

what divergent findings: Determinate findings included five positives and two neg-
atives. Several explanations for this divergence were considered.

That these seven determinate findings could have occurred randomly-and that
there is in fact no relationship between student achievement and teacher test scores-
is very unlikely. And although one might instead attempt to conclude that the two
negative findings were random occurrences, that explanation also seems implausi-
ble given that the negative findings come from strong studies: Both used individual
student-level data, and Summers and Wolfe in particular controlled for an extensive
set of schooling factors.

Another potential method of reconciling the studies, which did not point to clear
conclusions, involves the content of the student and teacher tests featured in these
studies. For example, with regard to the student tests, Hanushek (1992) found that
teachers' performance on word tests affected their students' ITBS reading score
gains but not their ITBS vocabulary score gains. This is consistent with Mumane
and Phillips (1981), who reported no relationship between teachers' word test scores
and student achievement gains. Future work may discover that the relationship
between student gains and teacher assessment scores depends upon alignment of the
underlying instruments, but the set of studies that exists today is insufficient to make
such claims.

In the end, the most plausible explanation for the divergent findings emerged
through examination of the controls used in each of the seven studies. Specifically,
the two studies that generated negative findings both controlled for college ratings.
In contrast, none of the studies yielding positive findings for teachers' test scores con-
trolled for college ratings. The negative findings reflect the effect of test scores after
controlling for the effects of college ratings, which are likely to capture a dimension
of teacher quality similar to that captured by test scores. Thus, the negative findings
may support the five positive findings-that students learn more from teachers with
higher test scores. Test scores matter, if college ratings have not already been taken
into account.

Implications
Although the finding that students learn more from teachers with higher test scores

certainly militates in favor of rigorous licensure examinations for teachers, it is
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important to remember that policymakers face a range of different types of licensure
tests. As of 1999-2000, 34 states required teaching candidates to pass tests of basic
literacy and numeracy skills. In addition, 30 states required candidates to pass tests
of subject matter knowledge, and 25 states required them to pass tests of pedagogi-
cal knowledge (Youngs, Odden, & Porter, 2001). The synthesis of existing studies
does not permit us to conclude which types of knowledge ought to be tested.

To provide further guidance to policymakers, there is also a need for research on
the relationship between student achievement and teachers' performance on tests
currently in use (as opposed to the teacher tests featured in the studies in this review,
none of which remain in use). Today, many states have implemented ETS's Praxis I
basic skills tests, Praxis II tests of subject matter knowledge, and/or Praxis II tests
of pedagogical knowledge (all developed by ETS in the 1990s). Other states have
created their own tests or contracted with companies other than ETS to develop
such tests.

Finally, researchers should also take note of the recent implementation of new
approaches to teacher performance assessment in Connecticut, North Carolina,
Ohio, and other states. These assessments were designed to improve on existing
pencil and paper tests. Student achievement studies that use such assessments would
be informative to those considering these options (see, e.g., Pecheone, Rogers, &
Moirs, 2001).

These various recommendations resonate with those offered in the final report
of a panel recently convened by the National Research Council to examine the
issues of teacher licensure examinations and teacher quality. The panel's 2001
report called for "a multi-discipline, multiple methods research program" that would
"examine licensure testing, beginning teacher performance, and student learning"
(National Research Council Committee on Assessment and Teacher Quality, 2001,
p. 29). Hopefully, this review can inform the initiation of such a research program.

Degrees and Coursework

Relevant Studies and Findings
Until recently, lack of data prevented researchers from determining whether stu-

dents learned more from teachers with particular degrees or coursework. The avail-
able data sets contained information on teachers' degree level (e.g., bachelor's,
master's, etc.), and results were mixed. Most studies were indeterminate (Harnisch,
1987; Hanushek, 1992; Link & Ratledge, 1979; Murnane, 1975; Murnane & Phillips,
1981; Rivkin, Hanushek, & Kain, 2001; Summers & Wolfe, 1975a, 1977), and the
four determinate findings were both positive (Ferguson & Ladd, 1996) and negative
(Eberts & Stone, 1984; Ehrenberg & Brewer, 1994; Kiesling, 1984). Close exami-
nation of the four determinate studies does not permit reconciliation of their findings.
Although three suggest a negative influence on student learning, the positive results
reported by Ferguson and Ladd (1996) are convincing. Moreover, as is clear from
the information presented in the Appendix, neither differences in controls nor dif-
ferences in the specification of degree level could explain the divergence. As a result,
no conclusions were possible.

The recent improvement in data collection on degrees and coursework led to
results that make apparent that the earlier, mixed results for degree level were at least
partly attributable to the failure of those studies to identify whether the additional
degree was related to the subject being taught. This finding has been documented
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most clearly by researchers using NELS:88, which was briefly discussed in the pre-
ceding section on teachers' test scores. NELS:88 is a nationally representative sur-
vey of about 24,000 Grade 8 students conducted in the spring of 1988. A subset of
these students was surveyed again in the spring of 10th (1990) and 12th (1992)
grades. At the time of each survey, students took one or more subject-based tests in
mathematics, science, English/writing, and history. Therefore, the NELS:88 follow-
up data sets permit longitudinal analyses of growth in student achievement from 8th
to 10th grade, 10th to 12th grade, and 8th to 12th grade in particular subjects. The
NELS:88 data also include information on relevant student, teacher, and school
characteristics.

Three analyses take advantage of the detailed teacher data in NELS:88 on degrees.
The analysis by Goldhaber and Brewer (1997a) illustrates the key finding most
clearly. No differences were evident when the authors examined whether 10th-grade
mathematics students scored better when their teachers had master's degrees. How-
ever, introducing information about the subject of the teachers' degrees produced
significant results. Mathematics students whose teachers had master's degrees in
mathematics had higher achievement gains than those whose teachers had either no
advanced degrees or advanced degrees in nonmathematics subjects. In addition, stu-
dents whose teachers had bachelor's degrees in mathematics learned more than
students whose teachers had bachelor's degrees in nonmathematics subjects. The
contributions of these two indicators of subject preparation were independent of sev-
eral other teacher characteristics; the student achievement model controlled for cer-
tification, mathematics certification, and years of high school teaching experience.

The two other analyses of the NELS:88 data replicated this finding, again for
mathematics, but with slight variations. Goldhaber and Brewer (2000) used the
12th- rather than I Oth-grade students and again found that students learned more
from teachers with mathematics majors and from teachers with master's degrees in
mathematics. Rowan, Chiang, and Miller (1997) used a single variable to indicate
whether the teacher had an undergraduate or graduate degree in mathematics. In
addition, as described earlier, they added a crude control for teachers' test scores in
mathematics knowledge.

If having a degree in mathematics makes a teacher more effective, one might
expect that measures of coursework in mathematics would also predict effective-
ness. Two studies used such measures. Eberts and Stone (1984) recorded the num-
ber of college-level, mathematics-related courses taken by teachers in the previous
3 years. No relationship to 4th graders' mathematics achievement was apparent.

The second study employing measures of teachers' mathematics course taking did
conclude that some relationships existed. Monk and King (1994) used achievement
data from the Longitudinal Survey of American Youth (LSAY), a study that followed
a national probability sample of 2,831 public school 10th graders from fall 1987 into
their senior year. Students took math and science tests each fall from 1987 to 1989
that were based on the National Assessment of Educational Progress (NAEP).

The LSAY identified the science and mathematics teachers of each student, and
a survey captured teachers' experience and course taking. To develop the course
taking measure, the authors pooled all undergraduate and graduate courses into
three categories: mathematics, life science, and physical science.

Although the study by Monk and King yielded many indeterminate findings,
they noted a handful of positive relationships between mathematics gains and course
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taking in mathematics. First, controlling for teacher experience, the 10th-grade stu-
dents who performed well in the fall test posted higher 1-year gains when their
mathematics teachers had more mathematics courses. Second, observing the gain
between 1987 and 1989, the authors found that students learned more mathematics
when their 1Oth-grade and 11 th-grade mathematics teachers had taken more math-
ematics courses.

The results of another study based on data from the LSAY (Monk, 1994) are
often cited in discussions of student achievement and teacher characteristics. How-
ever, these results were excluded from this review owing to the absence of controls
for students' socioeconomic status.14

In mathematics, then, degrees and coursework appear related to teacher effec-
tiveness, but what about other subjects? In other subjects, student achievement results
have been indeterminate or inconsistent. Goldhaber and Brewer (1997a) performed
additional analyses for science, English, and history. The authors discerned positive
effects on 10th graders' achievement gains for science teachers' bachelor's degrees,
but they did not report any other relationships. In their later analysis of 12th-grade
students' gains (Goldhaber & Brewer, 2000), the authors again found positive effects
in science, but this time the results were not statistically significant. Monk and King
(1994) also examined science achievement gains and generated only one determi-
nate result: The juniors in their sample learned less from teachers with more physi-
cal science coursework.

Joint Interpretation
To join these various findings, it is reasonable to treat each subject separately. In

history and English, with no determninate findings, this review cannot draw any con-
clusions about the importance of degrees and coursework. In science, we confront
only two determinate findings, and they point in opposite directions. Science includes
both physical and life science, so one plausible explanation for the contradiction is
that measurement of degrees, course taking, and teaching within science is not yet
sufficiently specific. Research with more fine-grained data collection strategies is
necessary when science achievement is studied.

In mathematics, all determinate findings were positive, so it is possible to assert
that students learn more from teachers with more mathematics-related coursework
and degrees. However, all of the positive determinate findings focus on high school
students. The indeterminate finding by Eberts and Stone (1984) involved elemen-
tary school students. Therefore, this review can conclude that high school students
learn more mathematics when their mathematics teachers have additional degrees
or coursework in mathematics. More evidence would be needed to make that asser-
tion for elementary school students.

Implications
Almost without exception, U.S. school districts' teacher compensation systems

reward teachers for holding advanced degrees. The student achievement studies
reviewed above do not refute the possibility that such a policy is wise, but it is cer-
tainly clear in the case of mathematics that alignment between degree content and
subject assignment is important.

Another relevant leverage point for policymakers is their power to specify course-
work and degree requirements for different assignments. Many states have such
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requirements. The research reviewed here indicates that increased requirements
accompanied by increased compensation would likely have payoffs in terns of stu-
dent achievement, at least in the case of mathematics. Whether these payoffs occur
will ultimately depend on the costs to prospective teachers of completing these
requirements as well as the relationship's effect size, which remains unclear for
the reasons given above in the Methods section.

Finally, it is interesting to note that these studies leave some uncertainty with
respect to whether students learn more from teachers with subject-related education
degrees (e.g., mathematics education, as opposed to mathematics). None of the
NELS:88 teacher surveys included such response categories. Those with subject-
related education degrees probably selected "education," but it is likely that at least
some would have chosen the subject to which their degree was related. Monk and
King (1994) did not report how they handled the distinction.'5 Eberts and Stone
(1984) labeled their course counts as courses "related to teaching mathematics" and
therefore probably included both mathematics courses and mathematics education
courses. In sum, studies have not been sufficiently aggressive about distinguishing
the two. For researchers, these findings leave a clear roadmap for future research.
Studies that use subject-specific measures of teacher preparation and that distin-
guish between subject preparation and preparation in the methods of teaching a sub-
ject would provide valuable new information.

Certification Status
Relevant Studies and Findings

As was true for teacher degrees, the effects of teacher certification appear only
when teachers have certificationfor the subject taught, and these findings have been
in mathematics. Only two studies meeting this review's design standards-both by
Goldhaber and Brewer (1997, 2000)-have examined certification; other studies
reported in the literature either are not longitudinal or do not control for students'
socioeconomic status.16

In their first study, described in more detail above, Goldhaber and Brewer (1997a)
tested two certification indicators. The first simply asked whether the teacher was
certified, without reference to any particular subject, and yielded only one determi-
nate relationship: Students taking English classes appeared to learn less from English
teachers who held certification.

The second model used by Goldhaber and Brewer (1997a) added information
about the particular subject in which teachers claimed certification. The results for
English became indeterminate, suggesting that the earlier negative finding was
caused by English teachers holding certification outside of English. Results for
history were also indeterminate. However, the authors reported that mathematics
students had higher achievement gains when their teachers held certification in
mathematics as compared with holding no mathematics certification-which includes
teachers who hold no certification at all and teachers who hold certification to teach
in other areas. The same comparison applied to science achievement gains also
revealed a positive relationship.

Notably, this study did not report how differences in certification type were
treated. For a given subject, most states offer a variety of types of certification, and
there is uncertainty among researchers and policymakers about the comparative
effectiveness of teachers whose certification is of a nonstandard type (e.g., emer-
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gency, provisional, temporary). Proponents of "alternative certification" argue that

some trimming down of the standards attracts persons with greater qualities by reduc-

ing entry barriers.
In a second study that employed subject-specific teacher certification variables,

Goldhaber and Brewer explicitly addressed differences in certification type. As

described earlier, Goldhaber and Brewer (2000) focused on the gains made by the

NELS:88 students between the 10th and 12th grades. The survey administered to

the teachers of 12th-grade students included an item that asked about certification

type in mathematics and certification type in science. The authors therefore exam-

ined certification type in connection with mathematics and science achievement

gains only. The determinate finding from their analysis was that students' mathe-

matics gains were higher when their mathematics teachers held standard certifica-

tion in mathematics, as compared with the gains of those whose teachers held either

(a) no certification in mathematics (which includes teachers certified in other fields

as well as teachers with no certification in any subject) or (b) private school certi-

fication in mathematics.
This study also included further analysis of certification type, which spawned

additional dialogue (see Darling-Hammond et al., 2001; Goldhaber & Brewer,

2001). Goldhaber and Brewer (2000) compared the mathematics gains of students

whose teachers held standard certification in mathematics with those who had

checked a certification type labeled as follows: "temporary, provisional, or emer-

gency certification (requires additional coursework before regular certification can

be obtained)." Controlling for the other variables in their model, the authors were not

able to discern differences and interpreted this indeterninate finding as a sugges-

tion that the teachers in this comparison were equally effective. However, the con-

servative standard adopted by this review precludes drawing a firm conclusion on

the basis of an indeterminate finding.'7

Finally, another study some analysts will characterize as relevant to the debate

about certification type was conducted by Raymond, Fletcher, and Luque (2001).

This study used data from the Houston Independent School District to address

whether students learn more from teachers who secured their jobs through Teach

for America (TFA). However, the comparison made in their study was not one

between TFA teachers and teachers with standard certification for their subjects.

Instead, the study compared the effectiveness of TFA teachers against all other

beginning teachers, controlling for other factors. Those beginning teachers included

some with standard certification in their subjects, some with nonstandard certifica-

tion types, and some with no certification whatsoever. The study therefore informs

the decision by the Houston school district regarding whether or not to accept TFA

teachers but does not allow generalizations about certification type.

Joint Interpretation
The study descriptions presented in the Appendix show that these two studies

have reasonably strong design features. Both are individual-level analyses, and both

use a substantial set of socioeconomic status controls. Controls for other school
inputs and other teacher variables were less extensive than in some other studies but

nevertheless present. Because the first study left unclear how certification type was

treated and the second study was able to draw conclusions about standard certifica-

tion only, we conclude that mathematics students learn more when their teachers
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have standard mathematics certification (as compared with private school mathe-
matics certification or no mathematics certification).

Implications
The findings for certification mirror those for degrees and coursework. In short,

subject-specific measures matter. The finding that math teachers with standard math-
ematics certification outperform those with no mathematics-related certification indi-
cates that states' teaching standards in mathematics are, on average, meaningful.

In drawing policy inferences from this finding, one must not lose sight of the fact
that each state has its own requirements that must be met in order to achieve standard
certification in mathematics (e.g., subject-related coursework, passage of licensure
tests, etc.). The finding does not point us to the specific requirements that are impor-
tant. Whether streamlining these requirements would result in changes in quality is
not answered by existing research.

To produce findings with greater clarity in regard to certification, researchers
need to design studies that take into consideration the particular requirements asso-
ciated with particular certification types used in individual states. The Schools and
Staffing Survey, a federally funded study that describes patterns of certification but
does not measure student achievement, recently began to elicit somewhat more
detailed information about teacher preparation. I8 For the purposes of studying stu-
dent achievement and certification, one solution would be to focus on particular
states or small numbers of states that share common definitions and requirements
for terms such as probationary certification, emergency certification, and so forth.

In addition, because the goal of reforms to certification systems would be to
increase the average quality of the teachers who supply themselves to the profes-
sion, parallel research efforts are needed to examine differences in retention rates
among teachers with different types of certification. These recommendations are
consistent with those offered by others who have produced related analyses.' 9

Other Characteristics
The characteristics addressed in the sections above on college ratings, test scores,

degrees and coursework, and certification are those characteristics for which research
has proven sufficiently conclusive to inform policymakers. In the case of many other
characteristics, research either does not exist or has not resulted in clear findings. This
section identifies those characteristics and discusses each briefly.

Perhaps the most conspicuous characteristic absent from this review is teacher
experience. Of the 21 qualifying student achievement studies, 19 used information
about how many years teachers had been teaching, and most of the determinate
results were positive. However, for reasons first identified by Murnane and Phillips
(1981, pp. 94-97), we decided that findings regarding experience were too difficult
to interpret. First, experience necessarily captures the effect of whether teachers
were hired during a shortage or a surplus. Therefore, meaningful generalization
would require controls for shortage and surplus conditions for each possible year
of hire.

Second, experience measures capture differences in teacher motivation result-
ing from time constraints on parents during years when child rearing requires more
attention. Meaningful generalization would require knowing whether the teacher
had dependent children at the time.
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Finally, if there are differences in effectiveness between those who leave the pro-
fession and those who stay, experience measures would capture those as well, and
such differences are probably dynamic-changing with cultural trends as well as
labor market conditions. Thus, while the myriad effects captured by experience make
it a valuable control variable, the relationships that emerge between experience and
student achievement are difficult to interpret.

Another teacher characteristic not discussed in this review was teacher race.
Race was excluded from this review in order to maintain focus on clear findings.
The findings on teacher race-and specifically on whether students learn more from
teachers of their own race or ethnicity-have been mixed (see Ferguson, 1998). If
clear findings are ever achieved, drawing implications from those findings will
require careful analysis.

This review also did not discuss the importance of holding degrees in education.
Studies have not explicitly distinguished between degrees in subjects and degrees
in the teaching of particular subjects, nor have they distinguished between degrees
in the teaching of particular subjects and general degrees in teaching or education.
Studies that make these distinctions would fill an important gap in the literature.

While student achievement studies have not yet assessed the importance of the
characteristics identified in this section, theory and intuition suggest that they may
be important. Therefore, studies that find relationships with other teacher character-
istics and use these characteristics as controls would be more conclusive than those
that do not.

Conclusion

We approached the task of review in a way that would create a clear interpretation
of the research for policymakers and researchers interested in the relationship between
teacher characteristics and student achievement gains. Our methods were systematic
and transparent. More specifically, (a) our scope focused us on compelling findings;
(b) we considered each relevant study's unique strengths and weaknesses; and (c) we
reconciled findings and joined them together through deliberate reasoning.

The interpretations rendered by this review are easily summarized. The stud-
ies confirm that students learn more from teachers with certain characteristics. In
the case of teachers' college ratings and test scores, positive relationships exist
and should be investigated further to learn about the relative importance of spe-
cific college characteristics and tested skills and knowledge. In the case of degrees,
coursework, and certification, findings have been inconclusive except in mathe-
matics, where high school students clearly learn more from teachers with certifi-
cation in mathematics, degrees related to mathematics, and coursework related to
mathematics.

Although this added confirmation is meaningful in policy debates, there are many
important questions that remain unanswered. It is possible, for instance, that results
would differ if outcomes such as graduation rates or future earnings were examined.
In addition, for many potentially salient teacher characteristics-such as experience,
race, and study of teaching methods-studies that use convincing research designs
simply do not exist or have not been conclusive. Furthermore, it is also important to
consider unobservable changes in the composition of the teaching force over time.
The makeup of the teaching force is certainly influenced by many factors and has
changed considerably during the past three decades.20
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Finally, for those characteristics found to be related to student achievement gains,
existing studies do not offer convincing indications of effect sizes. What if those
effect sizes are extremely small? Much remains open to policymakers' intuition.

Effect size estimates are in fact central to the current debate in teacher policy. An
important school of thought in policy-making on teacher quality holds that using
teacher characteristics in policy design is a bad idea because most of the variation in
teacher quality is unseen. In other words, teachers differ greatly in their effective-
ness, but teachers with and without different qualifications differ only a little. There-
fore, according to this school of thought, policies that emphasize motivating principals
and increasing their discretion over hiring should replace policies that require par-
ticular qualifications.

The only study that has explicitly addressed itself to generating accurate esti-
mates of effect size is Rivkin, Hanushek, and Kain (2001). Using student achieve-
ment at more than two points in time, the authors attempt to remove the influences
of particular students and schools that do not vary over time. This method promises
to better isolate the effects of teachers but should be considered developmental until
the research community has an opportunity to evaluate it. Another promising
approach to generating better estimates of effect size is research involving random
assignment. For instance, a new effort under way to study TFA utilizes random
assignment of students to TFA and non-TFA teachers (Decker & Mayer, 2002).
Such designs are not without their own difficulties (see Ehrenberg et al., 2001). They
are, however, more transparent than quasi-experimental studies, and the perspec-
tive yielded on effect sizes would do much to advance debates on teacher policy.

Notes
Some of the findings presented in this article appear in an introductory chapter of

Wayne (2000), a doctoral dissertation. Although the responsibility for errors belongs
solely to the authors, we would like to thank Dale Ballou, Linda Darling-Hammond,
William Galston, Daniel Goldhaber, Willis Hawley, Mark Lopez, and two anonymous
reviewers for helpful comments on earlier versions.

I The empirical research that supports this claim is a body of student achievement
studies that ignore the particular characteristics of teachers and focus instead on variations
in student achievement gains from one teacher to another. See Goldhaber and Brewer
(1997b); Jordan, Mendro, and Weerasinghe (1997); Hanushek (1971, 1992); Murnane
(1975); Murnane and Phillips (1981); Rivkin, Hanushek, and Kain (2001); Sanders and
Rivers (1996); and Wright, Horn, and Sanders (1997).

2 Differences in interpretation are evident in several recent treatments, including Ballou
and Podgursky (1999, 2000); Darling-Hammond (1999b, 2001); Darling-Hammond,
Berry, and Thoreson (2001); Goldhaber and Brewer (2001); and Walsh (2001).

3 Certification requirements vary considerably across states. In most states, candidates
for teaching must earn a minimum grade point average and/or achieve a minimum score
on tests of basic skills, general academic ability, or general knowledge in order to be
admitted to teacher education or gain a credential. In addition, candidates in many states
must complete a major or minor in the subject(s) to be taught and/or pass a subject mat-
ter test, take specific courses in education, and/or pass a test of teaching knowledge and
skill. In 2001-2002, 37 states required candidates to pass tests of basic skills or general
knowledge, 33 states required candidates to pass tests of content knowledge, and 26
required candidates to pass tests of pedagogy.
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4 The payoff to trying to identify relevant conference papers and dissertations is quite

small relative to the effort required, especially given the time required to obtain such

documents, and one would expect that good work would eventually appear as regular

publications.
I Readers interested in learning more about the studies that were excluded should con-

sult the appendices available in Greenwald, Hedges, and Laine (1996) as well as Mitchell

et al. (2001).
6 The study is Grissmer et al. (2000), which analyzed trends in states' average

NAEP scores. Another study of state NAEP averages by Darling-Hammond (1999a)

had already been excluded because it examined averages at a point in time rather than

longitudinally.
7Early work on this section was completed by Andrew J. Wayne while working at

the National Partnership for Excellence and Accountability in Teaching, which was

funded through the U.S. Department of Education, Office of Educational Research and

Improvement, under Contract RD97124001.
8 Several researchers have noted the discriminatory impact of teacher tests on minority

candidates, particularly in southem states (Goertz & Pitcher, 1985; Graham, 1987; Smith,

Miller, & Joy, 1988; Ludlow, 2001). The use of tests developed by National Evaluation

Systems for Alabama was prohibited in the 1980s owing to psychometric reasons related

to their discriminatory impact on African American candidates (Ludlow, 2001).

9 Strauss and Sawyer (1986) also examined the relationship between student achieve-

ment and NTE scores. That study was excluded, however, because it did not use pretest

scores.
'° There is a potential for confusion and, perhaps, debate on this point as a result of a

third publication by the authors, Summers and Wolfe (1975b). That publication notes

two positive findings not noted in the other publications: 8th graders learned more from

social studies teachers with higher NTE social studies scores, and 12th graders with

above average achievement scores learned more from English teachers with higher NTE

English scores. Still, we believe it is appropriate to summarize these results as simply

"indeterminate," which we note is consistent with the treatment in Summers and Wolfe

(1975a), a more academically oriented analysis of the results for NTE scores across all

three grade levels. That publication does not discuss the relationship of NTE area scores

among its significant findings. Of course, whether ours is the best possible summary of

the results for NTE area scores is of minor importance, given the interpretation reached

later in this article regarding test scores.
l To clarify the areas of knowledge and skills measured by the TECAT, we contacted

officials at the Texas Education Agency and the Texas State Board for Educator Certifi-

cation and examined the registration bulletin and study guide for the TECAT. We con-

cluded that while this test evaluates reading and writing skills, it clearly also integrates

professional knowledge into these items. In addition, we contacted Ron Ferguson in 1998,

and we learned that his analyses used TECAT reading scores specifically. Therefore, we

interpret the Ferguson results as applicable to a test that measured teachers' reading skills

and professional knowledge.
12 Ferguson analyzed data from almost 900 school districts in Texas, out of more than

1,000 districts in the state. Most of the districts omitted from the study owing to miss-

ing data were very small. In addition, Dallas and Houston were not included in the analy-

sis because the weighting scheme in the estimate procedure would have given these two

districts too much influence over the results.
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13 Readers will note that this study models a student's 2-year gain as a function of the
quality of a teacher who teaches the student for less than 1 year. Although a noticeably
incomplete model, it is nevertheless sufficient. The exposure to teachers of unknown
quality introduces measurement error, which in regression models would make it more
difficult to discern a statistically significant relationship between the independent and
dependent variables. A relationship appears in this study and others that use the same
data set despite the added measurement error.

14 The Monk (1994) study contains no mention of any controls for socioeconomic sta-
tus, and in a personal communication Monk confirmed that no such controls were used.
Had it been admissible, it would have helped to confirm the conclusion reached in this
section that mathematics-related preparation improves the effectiveness of mathematics
teachers.

15 The Monk (1994) study, which was excluded as a result of the absence of controls
for socioeconomic status, explicitly separated education-related courses in a subject from
other courses in a subject.

16 Readers may be familiar with a study by Hawk, Coble, and Swanson (1985) that
concluded that students learn more from certified teachers. That study did not control
for student socioeconomic status and was therefore excluded from this review. The study
by Fetler (1999) is often cited as well, but it was excluded owing to the fact that it did
not use pretest scores.

17 As a result of space limitations, we are not able to summarize all areas of agreement
and disagreement between Goldhaber and Brewer (2000) and Darling-Hammond et al.
(2001), but it is important to note that they are in agreement that the teachers in the study
with nonstandard certification otherwise had qualifications that were on average quite
similar to those of the teachers with standard certification. This fact raises important
questions about the measure used to distinguish teachers and thus gives us reason to
await further research before drawing conclusions about certification type.

18 Documentation on the Schools and Staffing Survey, including the instruments
given to teachers, is available online at www.nces.ed.gov/surveys/sass.

19 We are in agreement with Goldhaber and Brewer (2001) and Darling-Hammond
et al. (2001) that research on certification status and student achievement is complicated
because (a) certification is defined differently in different states and (b) definitions of cer-
tification within a single state often change over time. Further, both groups of researchers
provide useful recommendations for future research on teacher certification policy. In
particular, Goldhaber and Brewer call for "more detailed information on the specific date,
location, and content of an individual teacher's certification experience and more com-
prehensive information on how state licensing policy has changed over time" (2000,
p. 141). For their part, Darling-Hammond et al. recommend a research agenda that
includes efforts "to understand how different teacher certification strategies encourage or
discourage the construction of programs that produce well prepared teachers who stay in
the profession, and how state policies distribute well prepared teachers equitably to all
children in the state, regardless of race and income" (2001, p. 71).

20 Since the 1970s, women and racial minorities have had many more professional
opportunities outside of education. There were relatively few teaching positions avail-
able in the 1970s, owing to student and teacher demographics, which also affected col-
lege students' attitudes about teaching. See generally Warren (1989) and Sedlak and
Schlossman (1986). In addition, there is an ongoing debate about the academic qual-
ifications of prospective teachers. See Gitomer, Latham, and Ziomek (1999) and Henke,
Chen, and Geis (2000).
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